Introduction
Poland has a very serious problem with excessive amount of harmful emissions that pollute the environment (Dziku c, 2015) . Due to the excessive air pollution in Poland each year die prematurely more than 48 thousand of people, which is several times more than are killed in road accidents. In 2012, an estimated 6.5 million deaths in the world (11.6% of all global deaths) were associated with air pollution. According to the report of the WHO on the list of 50 cities with the most polluted air in Europe as many as 33 are located in Poland (World Health Organization, 2016) . In 2015 the European Commission brought the case to the European Court of Justice in Luxembourg against Poland for failure to comply with EU air quality legislation (Wę dzik et al., 2017) . For too many air pollutants Poland has to pay a penalty of up to 1 billion euro. Although the analysis of previously conducted assessments of air quality indicates that the level of pollutants emitted into the atmosphere in Poland was reduced still the level of concentrations of certain substances in the air is considerably exceeded. A particular problem in Lubuskie and throughout the country is particulate matter PM2.5, which is particularly harmful to human health and life (Eeftens et al., 2015) . Such small grains with no obstacles reach upper respiratory tracks, the lungs and pass into the blood (Polichetti et al., 2009 ). In the case of prolonged exposure to the increased concentrations of particulate matter, they can have a significant impact on the course of heart disease or increased risk of developing cancer. The bad air quality in Poland is mainly affected by low emission that comes from the pollutants released into the atmosphere with emitters not exceeding 40 m in height (Dziku c and Adamczyk, 2015) . The formation of low emission in Poland is mainly the effect of an installation for heating and means of communication (Burchart-Korol et al., 2016) . The aim of this article is to review one of the main sources of low emission in the province of Lubuskie, which is transportation. Moreover, the authors of the paper indicate the main problems associated with the emission coming from road transport and describe the possibilities for opportunities to reduce pollution from this sector (Fameli and Assimakopoulos, 2015; Casals and García, 2015) . It should be noted that low emission occurs typically at the level of up to 10 m, which is a problem especially during calm weather, as the pollution remains in the vicinity of their formation. This results in a significant negative impact on the people living nearby. The problem of emissions from the road transport sector relates specifically to congested cities and surrounding roads, which handle the increased vehicular traffic.
Transport in Europe is responsible for almost one quarter of greenhouse gas emissions and is a major cause of air pollution in cities. The European Union assumes that by 2050 greenhouse gas emissions from the transport sector should fall by at least 60% from the level taking place in 1990. In contrast, the emissions of harmful substances to human health from air transport into the atmosphere must be radically reduced (European Commission, 2016) .
The road transport as a source of emissions to air in Poland
The emissions from road transport sector adversely affect human health and the environment, by producing about 10% of the impurities that reach the air in Poland. This share is slightly different in each province and the differences are affected by factors such as the number of roads, traffic and population density in the particular area. The polluants, which mostly come from the transport sector are mainly: nitrogen oxides, carbon monoxide, suspended particulates PM10 and PM2.5, aromatic hydrocarbons, heavy metals.
Among all the pollutants from road transport emitted into the air nitrogen oxides have the largest share. In 2014 nitrogen oxides coming from road transport had more than 30% share in the total emissions of the substance in Poland, which had the largest share in 2013 (Table 1) . Although the amount of nitrogen oxide emissions is largely dependent on changes in emissions from fuel combustion processes in the energy and can be relatively quickly reduced by reducing the consumption of solid fuels Piwowar and Dziku c, 2016) , which shows an example of a significant part of the EU countries, in the case of road transport the amount of emissions in Poland is decreasing very slowly. Most of the reductions were caused by the decline of the heavy industry and lower share of coal in the late 1980s and early 1990s. Substantial emissions from road traffic contribute to the national total. Compared to the year 2013, in 2014 NO x emissions decreased by 6.5%. Decrease in emissions in road transport was caused by lower use of liquid fuels (Dę bski et al., 2016) . Although there is an increasing share of new cars that meet the environmental standards for newly manufactured vehicles, which emit significantly less NO x (Xu and Lin, 2016) , however, the total number of vehicles on Polish roads increases. Emissions of NO X decreased by over 32% between 1990 and 2014 . NO x and particulate matter had the highest share in the road emission in Poland (Table 2) .
Another pollutant, which has a large share in the total emission in Poland is carbon monoxide. The emission of this substance is an important issue not only in the Lubuskie Province but throughout the country. The carbon monoxide emission in 2014 was over 20% share of the total emission in the country. It should be noted, however, that the level of carbon monoxide emission was slightly reduced in 2014 compared to 2013 (Table 3) . CO emission in Poland depends mainly on changes in the quantities of used coal and wood for heating by households (Dziku c, 2013) . However, the high share of CO emission coming from road transport suggests that the total emission also strongly depends on the amount of fuels and technologies for cars. According to the authors, the most serious issue of all substances that come from road transport is suspended dust, both PM2.5 and PM10. Analysing the data in Table 4 it should be noted that the average decrease in emissions of PM2.5 in 2014 compared to 2013 was higher than in the case of road transport. This can mean that the actions taken so far to reduce emissions of particulate matter from road transport should be intensified. The share of PM2.5 and PM10 in the total emission of particulate matter in 2014 amounted to 13.5% and 9% respectively (Dę bski et al., 2016) . In the case of road transport the problem is not only the exhaust gases produced during the combustion of fuel, but also the consumption of vehicle components, such as tires, brake discs, clutch plates and consumed road surface. Furthermore, during road transport there is emitted secondary dust pollution from the surface of exposed roads and streets, which has spotted participation in the country (2.98%) of sources responsible for exceeding the permissible level of PM10 (Pa nstwowy Monitoring Srodowiska, 2015) . In Poland, a very serious problem is the notorious and repeatedly exceeded benzo(a)pyrene (B(a)P) contained in particulate matter, which takes place almost throughout the country. Although the combustion of solid fuels in the domestic boiler is the main source of emission of this substance, also car transportation has a 5% share, but local share could be as high as 10% (Kobus et al., 2016) .
Analysing air pollution that comes from road transport, it is also necessary to take into account the emission of non-methane volatile organic compounds (NMVOC). Although the emission of NMVOC takes place most common during the combustion of solid fuels, also a significant part of the pollution comes from road transport. In 2014, over 19% of NMVOC emission in Poland came from road transport.
Analysing the emission coming from road transport hexachlorobenzene (HCB) should also be taken into account, which is a derivative of benzene. The HCB emission in 2014 accounted for over 16% of the total quantity of the substance that got into the air. Polychlorinated biphenyls (PCB) is another substance having a relatively high share (7.2%) of the total emission in Poland. Interestingly, in 2014 compared to 2013, there was a significant decrease in the share of PCB emission coming from transport (from 8% to 7.2%), which took place due to less consumption of diesel oil by trucks. Apart from the abovementioned substances that negatively affect human health and the environment, and come from transport, it is necessary to take into account some heavy metals, such as:
In 2014, in Poland Cr emission coming from the transport was 3.8% share. The share in total emission of other heavy metals, however, which usually occur in the dust suspended was as follows:
Ni e 3.2%, Cd e 3.1%, Pb e 2.8%, Cu e 1.1%. SAMAR, 2017) . It is also very disturbing that in 2016 over 1 million used cars were brought to Poland, whose average age was nearly 12 years. It should be emphasized that older cars do not meet current standards related to maximum emission limit values of harmful substances into the atmosphere (Kacperczyk and Rzymek, 2015) .
In Poland there is a European emissions standard, which applies to most new vehicles (cars, trucks, trains, buses, agricultural machinery, boats) sold in the European Union (Crippa et al., 2016) . The standards limit emissions for new cars have been included in the European Directives.
Engines used to power cars and trucks are characterized by increasingly higher energy efficiency. Despite fluctuations, there is an increase in demand for passenger and freight transportation. The forecasts indicate that in the future it will also grow. In Poland and Europe more and more passenger cars are sold, which are powered by diesel engines (European Environment Agency, 2016) . Despite the efforts of engineers from car companies it was observed a significant difference between the measurements of NO x levels in real driving conditions and in the conditions prevailing during the research. According to the data of International Council on Clean Transportation the level of NO x emission in real driving conditions of diesel vehicles is on average seven times higher than the limits set in Euro 6 standard (Mock et al., 2014) . It should be noted that Euro 6 standard was met by vehicles that were tested. In order to eliminate this difference the EU authorities have adopted a procedure for the testing of NO x emission, which is to be carried out in real driving conditions and in the future will include new cars (European Environment Agency, 2016) .
The transport sector in Poland has been currently shaped in such a way that it dominates the personal transport. While public transport is not sufficiently well developed to be able to effectively compete with individual transport.
Characteristics of the Lubuskie Province
The Lubuskie Province is one of the smallest provinces in Poland in terms of population and the occupied area, with a relatively low industrialization and the largest afforestation. Lubuskie is located in the central-western part of Poland and is inhabited by a little more than 1 million people (Fig. 1) . The area of the province is 14 thousand km 2 , which represents 4.5% of Polish territory. Although about half of the Lubuskie Province is covered by forests, which could suggest that the air quality is extremely good, the conducted measurements indicate concentrations exceeding permissible levels of some harmful substances in the air. The air quality in Lubuskie is slightly better than in more industrialized and more densely populated parts of Poland. However, the level of emission of certain hazardous substances in recent years has not housed in the standards adopted by the European Union. The bad air quality in Lubuskie is mainly affected by the installations for heating buildings and road transport.
The problem of road transport emissions in the Lubuskie Province
The measurements of emissions of pollutants into the air in the Lubuskie Province in 2013e2014 revealed that the main problem in terms of air quality is too high concentrations of PM10. The values exceeding the allowed standard concentrations occurred in all measuring stations in the province. An additional problem was exceeding the permissible value of the arsenic contained in PM10 in the area of three of the six zones in the Lubuskie Province (Susek, 2015) .
It should be noted that the level of emissions of particulate matter PM10 is also affected by air pollution coming from abroad, which relates specifically to the border province of Lubuskie. The emission from neighbouring countries in the whole country has a share of 1.17%. However, in Lubuskie this rate is much higher and it is due to among the others the dominant directions of winds in this part of the country. The level of emission in Lubuskie, which comes from a source located outside Poland, is also influenced by the German power plant J€ anschwalde fired with brown coal, which is located near the Polish-German border (about 50 km).
During the combustion of fuel in car engines gaseous pollutants penetrate into the atmosphere, associated with the burning of fuels and dust generated by the use of parts of vehicles and roads. Besides local traffic an additional problem for the Lubuskie Province is transit traffic. The places in Fig. 2 with the increased levels of nitrogen dioxide emissions coincide with the course of the A2 motorway and parallel national road No. 92 (east-west), which are popular in the region of Lubuskie with cars on the route BerlinWarsaw. It should be noted that the Lubuskie section of the A2 motorway almost 18 thousand cars pass during the day, and extending along the highway alternative national road no. 92 over 8 thousand of cars per day (General Directorate for National Roads and Highways, 2017a,b). The increased level of nitrogen dioxide emission also takes place near the road S3 (north-south), which is daily passed on average by over 15 thousand of cars. Moreover, in Fig. 2 it is possible to see the place course of national road no. 18, part of the route Berlin-Wrocław (south-western part of the Lubuskie Province). It should be noted that the traffic data comes from the first half of 2015, and since then, traffic has been increased. The forecasts for traffic indicate a further increase in the traffic on transit routes running through the Lubuskie Province (General Directorate for National Roads and Highways, 2017a,b). These forecasts are also confirmed by an increasing trend concerning the number of registered cars in Lubuskie and in the entire Poland.
An important substance, which is a component of particulate matter, which significantly pollutes the air in Lubuskie is B(a)P. The data from 2015 points to exceed the target value of B(a)P (1 ng/m 3 ).
Due to it all zones in Lubuskie were classified as class C, which causes the need to develop air protection programmes for this area. As mentioned earlier road transport has a small share in the total emissions of B(a)P, which is confirmed by Fig. 3 , in which the increased levels of this substance are concentrated at larger towns of the Lubuskie Province.
The proposals to reduce the level of emissions from road transport
There is a number of effective solutions to reduce the emissions from road transport (Talbi, 2017) . One of them is the development of public transport in city centres (Solís and Sheinbaum, 2013) . The authorities of the Lubuskie Province and particular cities in the region will have to consider a ban on entry to the city centres of older cars that do not meet current environmental standards. Similar solutions have been successfully used for many years in many cities in the EU.
Reducing car traffic in cities centres is another solution that can effectively help to reduce low emission. The first attempts to limit the traffic that exceeded the capacity of urban road infrastructure were already taken in antiquity. In ancient Rome there was traffic to a degree that caused a paralysis of communication. The problem was to be solved by Caesar Regulation, which forbade the transport of cargo during the day. However, this restriction meant that the delivery took place at night, which led to an increase in noise levels. The residents opposed to such a solution because the noise disturbed their sleep and a ban on the transportation of cargo during the day was abolished and deliveries again were realized for the day (Wachs, 2002) . Currently, reducing car traffic in cities centres is implemented in different ways. The following solutions can be distinguished: a ban on entry of vehicles not meeting certain environmental standards, construction of lanes dedicated for buses only, construction of lines for urban rail, designation of free parking zones for electric cars, distribution of stations for fast charging electric vehicles, ensuring traffic flow of vehicles, excluding parts of roads for car traffic, expansion of bicycle paths and pedestrian infrastructure, implementation of cheaper or free public transport, improvement of road infrastructure, e.g. construction of ring roads, improving the efficiency of existing infrastructure, e.g. introduction of solutions to improve lighting installation of traffic control, introduction of paid parking zones, reserving part of the parking spaces for hybrid cars (Aggarwal and Jain, 2016) .
Some of the solutions that are effective in reducing low emission from transport in urban centres can also be used outside urban areas (François et al., 2017) . These include, among others: implementation of cheaper public transport, providing traffic flow of vehicles, development of fast charging stations for electric vehicles or improving the efficiency of existing infrastructure (Buekers et al., 2014) . Furthermore, the low emission reduction can be promoted by road transport based on vehicles powered by LPG and CNG. Some car companies offer vehicles that are fitted with LPG installation. Reducing the emission of harmful substances through wider use of gas in road transport can be an interesting solution that will reduce low emission. In contrast, the next step should be the development of road transport based on engines that definitely will improve today's emissivity indexes. An interesting solution seems to be cars with electric or hydrogen motors that will not be much more expensive than traditional vehicles and at the same time will be able to compete with the range with currently manufactured cars driven by fuels based on hydrocarbons.
Apart from using newer technology in road transport, it is also important to promote vehicle driving in such a way that they consume less fuel (i.e. eco-driving). Due to promoting eco-driving, including among the others liquid and not overly dynamic driving, it is possible to save approximately 5e8% of fuel. Some studies point to achieve an even greater reduction in the combustion of up 25e30%, which is possible by reducing vehicle speed on highways (Zhang and Yao, 2015; Ahlstroma and Kirchera, 2017) . The problem began to be noticed by transport companies that send their employees on compulsory training (Sullman et al., 2015) . The results of the conducted training give the intended effects and more and more companies decide to invest in skills of their employees, which bring significant cost savings (Cucchiella et al., 2017) .
Another interesting solution that allows for saving fuel consumption and, consequently, for reducing low emission is called carpooling, which is a journey with the use of free space in the vehicle of another user or taking other people in the case of selfdriving car (Shaheen et al., 2016) . This solution is becoming more and more popular in Poland, especially on longer routes due to the significant reduction in transport costs for both the vehicle owner and the taken person. On the Internet there are sites linking centres offering drivers vacancies with people seeking transport. With the rapid exchange of information carpooling has the potential for dynamic development.
The activities that the authorities in the Lubuskie Province will need to consider in the long-term are the restrictions the municipalities of Athens, Madrid, Paris and Mexico decided on in December 2016. It prohibits in these cities the movement of cars powered by diesel engines from 2025. The authorities in the identified four cities have announced that they will promote the use of vehicles powered by electric motors. The most far-reaching restrictions are supposed to be introduced by the authorities of Athens, who intend to completely prohibit private cars entering the city centre. However, in return, they want to introduce a wellfunctioning public transport.
6. Three-scenario simulation of annual emission coming from passenger cars that could take place in 2020
According to European Automobile Manufacturers' Association (ACEA) in Poland in 2015 there were 526 cars per 1 000 inhabitants, which is slightly above the EU average, which at that time amounted to 498 cars per 1 000 people (European Automobile Manufacturers' Association, 2017) . The Lubuskie Province is inhabited by a little more than 1 million people. It can therefore be assumed that the number of cars in the Lubuskie was 526 thousand in 2014, while at the end of 2016 the number of cars could be at a comparable level. According to SAMAR and own studies it can be assumed that at the end of 2016 in the Lubuskie Province there were registered 10% of the cars that met the standard EURO VI, 20% met the standard EURO V, 15% of EURO IV, 20% of EURO III, 20% of the standard EURO II and 15% cars met the standard EURO I. In contrast, about 30% of cars in the Lubuskie Province is powered by diesel engines and about 55% by gasoline (Automotive Market Research Institute SAMAR, 2017) . It means that the share of cars powered by gasoline and diesel accounts for 85% of all cars in the Lubuskie Province. The remaining 15% of cars have petrol engine with LPG, hybrid and electric drives and they were overlooked in the analyses due to their much lower share in the total emissions coming from road transport. In Table 5 , to simplify the calculations there were combined values of HC and NO x . After taking into account these assumptions the values of the emission in the Lubuskie Province were calculated in Table 5 , which was associated with the movement of passenger cars in 2016.
Moreover, a three-scenario simulation was carried out, which takes into account the value of annual emission coming from passenger cars that could take place in 2020. For all scenarios an average annual mileage of cars amounting to 16 thousand km was assumed.
Scenario I (pessimistic) assumes:
the number of cars in 2020 will grow by 10% compared to 2016; 3% of cars will meet a higher standard EURO (by one level), which means that the share of cars that meet the lowest standard (EURO 1) drops by 3%, and the share of cars that meet the highest standard (EURO 6) will increase by 3%; the share of cars with petrol and diesel engines did not change; there will not increase the share of cars with the installation of gas, hybrid and electric drives.
Scenario II (probable) implies: the number of cars will increase by 5% compared to 2016; 6% of cars will meet a higher standard EURO (by one level), which means that the share of cars that meet the lowest standard (EURO 1) drops by 6%, and the share of cars that meet the highest standard (EURO 6) will increase by 6%; the share of cars with engines fuelled by gasoline with LPG, hybrid and electric drives will increase to 20%; the share of cars with diesel engines will be 28% and 52% of gasoline.
Scenario III (optimistic) assumes: the number of cars will remain at the same level; 10% of cars will meet a higher standard EURO (by one level), which means that the share of cars that meet the lowest standard (EURO 1) drops by 10%, and the share of cars that meet the highest standard (EURO 6) will increase by 10%; the share of cars with engines fuelled by gasoline with LPG, hybrid and electric drives will increase to 25%; the share of cars with diesel engines will be 25% and 50% of gasoline. Table 6 presents the results of calculations for the three assumed scenarios. Scenario I (pessimistic) assumes the growth of emission from passenger cars in 2020 due to the increase in their number and the slow increase in the share of cars that meet higher standards of Euro (by 3%). In contrast, Scenario II (probable) indicates the reduction of emission, while the largest reduction (over 15% for 2016) is to concern particulate matter, which is particularly dangerous for human health. The most optimistic in terms of the environment and human health is Scenario III because the calculations indicate more than 35% of reduction in particulate matter and a slightly smaller reduction of the rest of the analysed substances (HC þ NO x and CO). It is necessary to note the likelihood of each scenario affects a number of unforeseeable factors. The most important of these include the policy of state authorities, who can introduce e.g. higher fees for the use of less green cars and the local authorities that can ban travel of cars to the city centres that do not meet e.g. standards Euro 5 and 6. In addition, there are many less important issues, which have a much smaller impact on whether the residents of the Lubuskie Province will be willing to buy green cars. An example would be the introduction in 2017 of free parking for owners of cars with hybrid and electric drives in Zielona G ora, which is the largest city in the Lubuskie Province.
Conclusions
Road transport significantly contributes to the development of the Polish economy and due to the proximity of the Lubuskie Province with the German economy, which is the world's leading, this sector is rapidly developing in the region. Road transport is one of the key factors for economic development, thanks to which trade is developing and there are created job opportunities outside the place of residence. Unfortunately, road transport is not only energy intensive, but also has a strong impact on the environment.
An encouraging sign, which suggests that the problem of low emission from road transport will be limited in the future is increasing public awareness of this issue. In recent years, local communities in the Lubuskie Province have been able to organize and force the local government to a significant increase in investment in the construction of infrastructure for pedestrians and, which is particularly noticeable, for cyclists. These actions allow to significantly reduce car traffic and thus the level of emission from road transport. Also the activities related to the development of public transport are very important. Recently it has been possible to observe the development of public transport, among others, there has been created local rail connections. However, these solutions were not effective enough to be able to compete with individual car transport. In this regard, there is still much to be done in the Lubuskie Province.
Moreover, in Lubuskie in order to reduce low emission from road transport it will be necessary to impose restrictions that currently exist in many places in Europe. One of them is the entry ban on older cars that do not meet current environmental standards. Another option that could be an effective incentive to purchase newer and greener cars is the introduction of higher taxes on less ecological cars. These solutions are effective and used successfully in Germany. Unfortunately, in Poland the same solution are likely to encounter public resistance, which is why local and national authorities are afraid to make unpopular decisions. Scenario analysis indicates the possibility of reducing or increasing the level of emissions, depending on the decision taken by the Table 6 The forecasted emissions coming from cars in the Lubuskie Province in 2020 (Scenarios I-III).
authorities.
